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(54) Process for molding and shaping of polymer blends 



(57) A process is provided for molding and shaping 
polymer blends comprising at least one thermoplastic 



polymer and an uncured thermosettable and/or polym- 
erizable epoxy resin. The process is useful for making 
reinforced prepregs. 
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Description 

[0001] The invention relates to a process for molding and shaping polynner blends comprising at least one thermo- 
plastic polymer and an uncured thermosettable and/ or polymerizable epoxy resin. 
5 [0002] The Invention also relates to articles shaped out of a material comprising a thermoplastic phase in which 
cured or polymerized epoxv particles have been dispersed. Said articles can be obtained with the process of the 
invention. 

[0003] Processes for the molding and shaping of polymer blends comprising thermoplastic polymers blended with 
epoxy resins are known. The advantages of said processes are related to the fact that some thermoplastic polymers 

^0 are difficult to mold and shape in view of their high processing temperature. By blending the polymers with uncured or 
low molecular weight epoxy resins it becomes possible to shape the polymers at lower temperatures. To obtain shaped 
products with the good properties of the used thermoplastic poivmers, it is necessary to separate the epoxy resin from 
the thermoplastic polvmer after the shaping step to obtain a continuous matrix of the thermoplastic polymer(s) with 
dispersed epoxy particles. Processes to make products made from material with a continuous phase of cured epoxy 

'5 resins in which thermoplastic particles have been dispersed are also known. In the latter case products are obtained 
with the material properties of the cured epoxy resin which has been adjusted somewhat by the dispersed particles of 
thermoplastic resin. 

[0004] U.S. Patent No. 3,763,088 describes a process wherein a non-crystalline thermoplastic resin is blended with 
uncured epoxy resins. The blends can be prepared by dry blending and fusion mixing the ingredients in a melt extruder 

20 at elevated temperatures. The hot melt may be shaped by injection molding. The relative quantity of epoxy resin is 
chosen such that a final structure results in a continuous phase of polvmer particles in which uncured epoxy resin 
particles have been dispersed. To obtain such a structure it is essential to use epoxy resins with a molecular weight 
which is sufficiently high. The examples use epoxy resins with molecular weights of 3600 to 8,000. 
[0005] U.S. Patent No. 4,623,558 describes a process wherein a thermoplastic resin is blended with an uncured 

25 epoxy resin and a thermal initator or a photo initiator at a temperature below the curing temperature of the system. 
The blend after combination with glass mats is heated and cured. For polymers with high melting temperatures or high 
glass transition temperatures, such as polyphenylene ethers, it is however not possible to get homogeneous blends 
of the polymer, the epoxy resin and the initiator at temperatures below the curing temperature when the relative amount 
of thermoplastic resin is too high. In practice the process this patent is only suitable for the processing of blends which 

30 after curing form a continuous phase of a cured epoxy resin in which particles of the thermoplastic polymer have been 
dispersed. 

[0006] U.S. Patent No. 5,382,384 and its parent U.S. Patent No. 5,250,228 describe a process wherein a thermo- 
plastic resin, a thermosetting resin, a conductive filler and a curing agent are mixed together wherein the mixture is 
shaped below the curing temperature of the mixture and wherein the shaped mixture is heated quickly to the curing 
35 temperature and is cured at the curing temperature. The mixing is performed below the curing temperature of the curing 
agent. As described before this makes it impossible for high melting polymers like polyphenylene ether to be used in 
relatively large quantities. 

[0007] European patent application EP-B-0 537 005 describes a process for the manufacture of prepregs wherein 
a polyphenylene ether polymer is blended with a liquid epoxy material, optionally with a flame retardant and a catalyst, 
40 at a temperature of 1 00-1 30'*C. The blend is subsequently granulated into particulates and the particulates are com- 
bined with one or more reinforcing cloth or fiber and the thus obtained combination is cured under pressure at 210°C 
to 250'*C. The blending of the polyphenylene ether and the epoxv are performed at a temperature below the curing 
temperature of the epoxy resin. This limits the possibilities of the process considerably 

[0008] In Polymer, Vol. 35, no. 20, 1994, page 3450 has been described a process wherein solutions of an epoxy 
45 and polyphenylene ether (PPE; a thermoplastic resin) are prepared in a Brabender kneader at 1 75*^0 by kneading for 
about one hour. As an alternative it has been proposed to prepare the blend by mixing for 5-10 minutes in a co-rotating 
twin screw extruder. Subsequently a curing agent is added to the homogeneous solution in the Brabender mixer for 
about two minutes, the obtained compound is compression moulded and cured by curing cycles of two hours followed 
by a post-cure treatment of four hours at 200"* C. 
50 [0009] Mixing of epoxy/PPE mixtures, in particular those with more than 20% by wt of PPE, at temperatures of 175**C 
results in compositions which are too viscous for many commercially useful shaping processes such as injection mold- 
ing. 

[0010] It has now been found that even with curing agents or catalysts which are fast at the chosen melt mixing 
temperatures it is possible to work at high temperatures (in the case of PPE at temperatures of over 220''C) without 
55 causing premature reaction of the epoxy resin. This can be achieved by ensuring a quick mixing. The mixing time in 
the second step of process of the invention may, depending upon the nature of the constituents and the required 
temperatures, be far below two minutes. 

[0011] The present invention provides a simple but effective process for the shaping of polymer blends comprising 
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one or more thermoplastic polymers and an uncured thermosettable and/or polymerizable epoxy resin. Witli the process 
of the present invention it is possible to use relatively fast curing and/or polymerization systems resulting in short cycle 
times. With the process of the invention it becomes possible to shape polymers at temperatures below their normal 
processing temperatures. This is of importance for the processing of thermoplastic materials which are unstable or 
sensitive to oxidation at their processing temperature. With the process of the present invention it also becomes possible 
to incorporate into polymers materials that are thermally unstable at the usual processing temperature of the polymer 
With the process of the invention it is possible to shape the blend and to cure and/or polymerize the epoxy resin in the 
blend after the shaping step even when relatively large quantities of thermoplastic resin with a high melting point or a 
high glass transition temperature are used. 

SUMMARY OF THE INVENTION 

[0012] The present invention provides a process for preparing a polymer composition comprising: melt fluxing at 
least one thermoplastic polvmer at a temperature above the glass transition temperature or above the melting temper- 
ature of the thermoplastic polymer with one of (i) an uncured epoxy resin, or (ii) an epoxy curing agent or a catalyst to 
form a blend; (b) further melt mixing at a temperature above the glass transition temperature or above the melting 
temperature of the thermoplastic polymer the other of (i) an epoxy resin, or (ii) a epoxy curing agent or a catalvst, with 
the blend in (a) to form a substantially uncured but essentially curable and/or polymerizable composition; (c) optionally 
forming a shaped product from the composition in (b); and (d) fast curing and/or fast polymerizing the optionally formed 
shaped product. 

DESCRIPTION OF DRAWINGS 

[0013] The figures schematically illustrate suitable apparatus for the process of invention. 

[0014] Figure 1 shows the modified nozzle of a so called two component co-injection molding machine. 

[0015] Figure 2 shows an adapted extruder suitable for the process of invention. 

[0016] Figure 3 shows an apparatus for the continuous manufacture of prepregs. 

[0017] In Figure 1 the mixing head of a two component co-injection molding machine is schematically shown. Two 
low viscous polymer masses are fed through channels 1 and 2 into the static mixers (4) which have been mounted in 
a nozzle 3. The polymeric masses can be for example the blend of a thermoplastic polymer and an uncured epoxy 
resin on the one hand and a blend of a carrier resin and a curing agent or catalyst. Upon mixing in the static mixers 4 
a substantially uncured but essentially curable composition is obtained which leaves the orifice of nozzle 3 for optional 
further shaping and curing. 

[0018] The adapted extruder of Figure 2 is provided with two feed ports. Feed port (1) at the throat of the extruder 
and feed port (2) near the exit nozzle of the extruder. Extruders basically consist of a series of barrels forming a long 
tube like structure within which a screw or a double screw is installed. The screw comprises several sections. As shown 
in Figure 2 by a different type of shading the screw is preferably provided near feed port (2) with a section assuring a 
thorough mixing of all ingredients. 

[0019] Figure 3 schematically shows the extruder of Figure 2 in combination with means to prepare a prepreg. In 
Figure 3 one or as actually shown two rolls (3) feed glass mats together with the low viscous composition coming out 
of the extruder to two pairs of rolls (4). Rolls (4) combine the glass mats with the composition coming from the extruder 
into a prepreg. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] The present invention provides a process for preparing a polymer composition, the process comprising: 

(a) melt mixing at least one thermoplastic polymer with one of (i) an uncured epoxy resin, or (ii) an epoxy curing 
agent or a catalyst to form a blend; 

(b) further melt mixing the other of (i) an epoxy resin, or (ii) a epoxy curing agent or a catalyst, with the blend of 
step (a) to form a substantially uncured but essentially curable and/or polymerizable composition; 

(c) optionally forming a shaped product from the composition of step (b); and 

(d) fast curing and/ or fast polymerizing the optionally formed shaped product. 

[0021] A preferred embodiment provides a process, wherein a combination of an epoxy resin and an epoxy curing 
agent or catalyst is used which shows at the temperature used for the melt mixing in step (b) of the above process 
phase separation within two minutes as evidenced by an increase in the viscosity. 

[0022] In another preferred embodiment the curing step (d) of the above process is performed within sixty minutes. 
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[0023] Another preferred embodiment provides a process wherein the relative quantities of at least one thermoplastic 
polvmer, the uncured epoxy resin, and the epoxy curing agent or catalvst are chosen such that after step (d) at least 
one thermoplastic polymer forms a continuous phase. The required quantities will depend upon the exact nature of 
the different components. The required quantities can be easily determined by the preparation of a series of different 
5 compositions with different ratios by weight between the at least one thermoplastic polymer and the epoxy resin, and 
by shaping and curing. The cured products so obtained can be analyzed by electron microscopy to determine the 
morphology of at least one thermoplastic phase in the cured product. 

[0024] There will be a division between those compositions with a relatively low content of at least one thermoplastic 
polymer wherein the thermoplastic polymer is dispersed within a continuous phase of cured epoxy resin and those 
10 compositions with a higher content of the thermoplastic polymer wherein the thermoplastic polymer forms a continuous 
phase. 

[0025] In the case of a continuous phase of the thermoplastic polymer there are two possibilities which both belong 
to the preferred structure. One wherein the epoxy resin is dispersed in a discontinuous way in the continuous phase 
of the thermoplastic polymer. The other wherein the epoxy resin also forms a continuous phase and whereby the 
15 continuous phase of the thermoplastic polymer and the epoxy resin are intertwined and form a so<aIled interpenetrating 
network. 

[0026] Another preferred process is one wherein the thermoplastic polymer and the one of an uncured epoxv resin 
or a epoxy curing agent or catalyst blend is formed in the upstream part of a melt extruder, and the mixing of the other 
of an epoxy resin or a epoxy curing agent or catalyst with the blend occurs in the downstream part of the extruder 
20 forming the substantially uncured but curable and/or polymerizable composition. A preferred process is one wherein 
the epoxy curing agent or catalyst is pre-blended with a carrier. 

[0027] Yet another embodiment of the present invention provides a process wherein at least one of a static or dynamic 
mixer is used to form the substantially uncured but essentially curable and/or polymerizable composition by mixing the 
other of an epoxy resin or a epoxv curing agent with the blend, wherein preferably the epoxy curing agent or catalvst 
25 is pre-blended with a carrier, 

[0028] A preferred process of the present invention is one wherein the epoxy resin is at least partially cross linked 
after curing or polymerizing. It Is preferred that the uncured epoxy resin have a molecular weight of less than about 
3,000. 

[0029] Another embodiment provides a process wherein the substantially uncured but essentially curable and/or 
30 polymerizable composition is extruded to form a powder, granulate, film, or sheet. Also provided by the present invention 
is a prepreg formed by the process of the present invention. Preferred thermoplastic polymer comprises at least one 
of a polyphenylene ether, polyetherimide, polyester, aliphatic polyketone, or syndiotactic polystyrene. 
[0030] Another aspect of the present invention provides a process to make reinforced prepregs, the process com- 
prising: 

35 

(a) melt mixing at least one thermoplastic polymer and one of (i) an uncured epoxy resin, or (ii) an epoxy curing 
agent or catalyst to form a blend; 

(b) further melt mixing the other of (i) an uncured epoxy resin, or (ii) an epoxy curing agent or a catalyst with the 
blend of step (a) to form a substantially uncured but essentially curable and/or polymerizable composition; and 

40 (c) combining a reinforcing agent with the composition of step (b) in the molten state to form a reinforced prepreg. 

[0031] Preferred reinforcing agents are powdered glass, chopped glass, glass mats, polymeric reinforcing fibers or 
mats and inorganic fillers and fibers. Examples of polymeric fibers are those made out of poly( ethylene terephthalate), 
polyamide 6 or 6,6 or 4,6. Suitable inorganic reinforcing agents are Rockwool fibres and the like. 
45 [0032] A further preferred process is one wherein the glass mats are combined with the blend, immediately after 
extrusion, but before the solid blend is formed. Also provided is a prepreg obtained by a process of the invention. 

Processing 

50 [0033] Upon curing and/or polymerization of the epoxy resin phase separation of the epoxy resin occurs. Upon curing 
and/or polymerization the polymer blend becomes much more viscous as can be determined by measuring the viscosity 
of the molten blend. With substantially no curing is meant that the increase in the viscosity (after an initial decrease 
upon melting) has not yet started. 

[0034] In the process of the invention the relative quantities of at least one thermoplastic polymer and epoxy resin 
55 are preferably chosen such that after curing and/or polymerization the thermoplastic polymer forms a continuous phase 
in which particles of cured and/or polymerized epoxy resin are dispersed or such that the polymer phase and the epoxy 
phase form an interpenetrating network. 

[0035] In the process of the invention it is possible to incorporate other components. This is possible in steps (a) and 
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(b) of the prcxess. 

[0036] Any shaping step is suitable for the process of the invention: by injection molding; or by connpression molding; 
or by Injection-compression molding. With the process of the invention it is possible to combine steps (b) and (c) by 
performing step (b) at elevated temperatures and keeping the shaped product for a sufficient time at the elevated 

5 temperature to fast cure and/or fast polymerize the epoxy resin. 

[0037] It is possible to change the process of the invention by including additional steps. It is essential however that 
the process includes steps (a) and (b) of the process as described. It is for example possible to make first a blend of 
the curing agent and a carrier by melt blending, followed by extruding the so obtained blend and by pelletizing it. The 
obtained pellets can then be used in step (a) of the claimed process. It is also possible to cool and solidify the blend 

10 of step (a) quickly and reheat it before shaping it. 

[0038] Blending the curing agent and/or the catalvst with the thermoplastic resin and the epoxv resin with standard 
processes in standard compounding machines such as extruders, has been demonstrated to produce premature curing 
of the epoxy resin, making it almost impossible to shape the obtained blends. This is in particular the case upon the 
use of the preferred fast curing agents required for short cycle times. It has been surprisingly found that the components 
can be efficiently mixed using a process of the present invention. Good mixing can be achieved quickly with a short 
residence time to avoid substantial curing or polymerization. The process of the invention can be performed for example 
with special mixing devices. These mixing devices can be mounted for example at the nozzle of the extrusion machine 
and can be used for the preparation of the substantially uncured but essentially curable and/or polymerizable compo- 
sition of step b. 

20 [0039] Illustrative examples of suitable mixing devices are: 

1. Static mixing elements commercially Sulzer, Kenics, Komax, or Ross mixers). Static mixers of Sulzer design 
consist of a set of metal bars, causing strong disruption of linear melt flow giving agitation and mixing of the different 
streams of material. A static mixing element according to the design and description of Sulzer A.G. has been 

25 successfully used 

2. Dynamic mixing elements (e.g., cavity transfer mixer, "CTM", extruders). The dynamic mixing element of cavity 
transfer mixer consists of a movable ring with holes, which by rotating in a melt flow causes agitation and mixing. 

[0040] Suitable cavity transfer mixers with a dosing system have been described by G.M. Gale, RAPRA Technology 
30 Ltd., "Mixing of Solid and Liquid Additives Into Polymers Using Single Screw Extruders", ANTEC 91 , 95, or G.M. Gale; 
British Plastics & Rubber, 10, June 1994, and are incorporated herein by reference. 

[0041] In a preferred embodiment of the process of the present invention the thermoplastic polymer(s) and the epoxy 
resin are melt blended in an extruder; the curing agent and/or catalyst and a carrier polymer, which may be the same 
as the thermoplastic polymer(s), are melt blended in a second extruder and the molten extrudate of both feeders is 
35 fed simultaneously to a mixing device such as a static or a dynamic mixer wherein the two extrudates are quickly 
blended. 

[0042] Sufficient mixing of the curing agent and/or catalyst with the blend of the thermoplastic polymer(s) and the 
epoxy resin is Important to obtain good mechanical and thermal properties of the final product after curing or polym- 
erization. The process of the invention Is also very useful for the manufacture of sheets made out of thermoplastic 
40 polymer(s), reinforced with fiber mats such as glass fiber mats. 

[0043] One suitable type of extruder for making the necessary blend of step (a) of claim 1 and the curable and/or 
polymerizable composition of step (b) of the process is a fully Intermeshing co-rotating multibarrel twin screw extruder 
such as available from Werner-Pflelderer. 

[0044] In one of the several process options suitable for the process of the present invention, a multi-barrel twin 
45 screw extrusion device (as is schematically shown in Figure 2) is configured in such a way that for example a pre- 
extruded blend of a polyphenylene ether (PPE)/epoxy resin, which shows very high flow and requires considerably 
lower melt temperatures than pure PPE, can be added In the feed-throat (1 ) of the extruder. The barrel set temperatures 
and the screw design are such that the thermoplastic polymer, for example PPE , and epoxy resin are melted and mixed 
in the upstream portion of the extruder. The barrel temperature ranges from about ISCC to about 300°C, if the ther- 
50 moplastic is PPE. The temperature range In the upper barrel zones of the extruder for melting and mixing the thermo- 
plastic resin, Is then at or above the Tg (glass transition temperature) or the melting point of the thermoplastic resin. 
Then at the downstream barrel zones of the extruder, the melt mixed molten blend of the thermoplastic and the epoxy 
resin Is blended with a sultable epoxv resin curing agent and/or catalyst (for simplicity hereinafter sometimes will be 
referred to a "curing agent" only where a curing agent and/or a catalyst is intended) by adding the curing agent in a 
S5 downstream portion of the barrel using a side feeder (2). It is preferred to use mixing elements such as turbine mixing 
elements, gear mixing elements or kneading blocks right next to the side-feed opening to facilitate the mixing of PPE/ 
epoxy with the curing agent. Adding the curing agent in the downstream barrel zone of the extruder shortly before the 
molten blend exiting the extruder is found to be important In compounding the fast curing system into PPE/epoxy. The 
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blends comprising PPE. epoxy, and curing agent are then pumped in molten form through a pelletizing die to a water 
bath and pelletizer, or through a sheet die to nip roll pairs for sheet/film extrusion, or through a sheet die, then combined 
with glass mat or glass fiber in nip roll pairs or double belt lamination device for glass mat reinforced composite man- 
ufacture. The extruded blend is then further molded and the epoxy resin component of the molded article is cured 
5 under phase separation of the epoxy resin. 

[0045] Alternatively, the curing agent, in the form of a pre-extruded concentrate in a thermoplastic such as PPE, can 
be added in a downstream barrel zone of the extruder. The pellets prepared from this process are further compression 
molded and cured. 

[0046] In yet another embodiment, PPE powder was added into the feed-throat (1) of the extruder, liquid epoxy resin 
10 was injected in the extruder by a gear pump between feed throat (1 ) and side feeder (2), and a curing agent was added 
by a side-feeder (2). Alternatively, the epoxy resin may also be split into several streams and then fed into the extruder 
[0047] The high flow PPE/epoxy/curing agent blends are particularly suitable for composite applications. In such 
applications a pre-btended thermoplastic/epoxy such as PPE/epoxy can be added in the feed-throat of the extruder; 
the downstream addition of curing agent is maintained for the sheet extrusion and glass mat reinforced composites 
J5 manufacturing. The thermoplastic PPE resin and epoxy resin are melted and mixed in the upstream portion of the 
extruder Then at the downstream zones of the extruder, the melt mixed molten blend of the thermoplastic (e.g., PPE) 
and the epoxy resin is admixed with a suitable epoxy resin curing agent by adding the curing agent in a downstream 
barrel through a side feeder The blend comprising PPE, epoxy and curing agent is then pumped in molten form through 
a sheet die, then chilled nip rolls to draw down and solidify the sheet after it comes out of the extruder The sheets 
20 prepared are further combined with glass mat by stacking the sheets and the glass mats in alternating layers, com- 
pression molded, and cured to make glass fiber reinforced composite articles. 

[0048] Alternatively, the glass mat reinforced composites may be prepared by combining the glass mats Immediately 
with the extruded sheets in a controlled manner, as illustrated in Figure 3. The blends are extruded into sheets, and 
glass mats of the appropriate dimension are combined with the aid of rollers (3) immediately with the sheet. The resulting 
25 sandwich of PPE/epoxy/curing agent blend sheet and glass mat is carefully kneaded by a series of rolls (4) or a double- 
belt lamination apparatus to impregnate the glass completely with the sheet. 

COMPONENTS: 

30 Polymerfs) (e.g.. thermoplastic resin). 

[0049] In the process of the present invention can be used any thermoplastic resin or combination of thermoplastic 
resins. The process of the invention is, however, in particular advantageous when it is desired to mold and shape 
polymer blends with a high melting point or a high glass transition temperature. Examples of such polymer blends are 

35 blends comprising polyphenvlene ethers, aromatic polycarbonates, aromatic polysulfone resins, polvethersulfones, 
polystyrene, syndiotactic polystyrene, polyamides, phenoxy resins, polyimides, polyetherimides, polyetherimide/sili- 
cone block copolymers, polyurethanes, polyesters, acrylic resins, styrene/acrylonitrile resins, styrene block copolymers 
and aliphatic polyketones (as described for example in EP-A- 0 121 965 and EP-A-0 213 671). 
[0050] The above mentioned polymers are well known and most of them are commercially available from various 

40 sources. 

[0051] Other thermoplastic resins useful in for the invention are e.g. those mentioned in U.S. Patent 4,528,346 or in 
EP-A-0 148 493, and are incorporated herein by reference. 

[0052] Very suitable thermoplastic polymers are the polyphenylene ether resins (generally abbreviated as PPE). A 
commercially available PPE is poly(2,6-dimethyl-1,4-phenylene ether). Also useful are copolymers with various phe- 

45 nolle monomers indicated below, or the polymer with endgroups containing amines chemically bonded (so called "Man- 
nich-ends'). The PPE may be of a number average molecular weight of about 1000 to about 80,000, as described in 
U.S. Patent 4,853,423. Additional descnption of "PPE" can be found In U.S. Patent Nos. 4,496,695 and 5,141,791, or 
EP 0 557 086. Suitable PPE's are also end-group modified and "capped" PP's or otherwise "modified" PPE's. Also 
included "functionalized" PPE's wherein the PPE has been modified with reactive groups as described in EP-A- 0 283 

50 775. The PPE resins and modified PPE resins according the present Invention can also be admixed with styrene 
polymers (vinyl aromatic (co-)polymers) and the graft polymers with other polymers as described in EP-A- 0 557 086. 
The styrene (co) polymers can be polystyrene (PS), crystal clear polystyrene (ccPS), high impact polystyrene (HIPS). 
Specifically can be mentioned here styrenic copolymers with acrylonitrile and optionally rubbers (styreneacrylonitrlle 
copolymers) (SAN), acrylonitrile-butadiene-stvrene terpolymers, acrylonltrlle-styrene-acrylate terpolymers and sty- 

55 rene-malelc anhydride copolymers. High acrylonitrile SAN, and polyacrylonitrile, and high maleic anhydride copolymers 
are useful in this process. Blends of these copolymers with PPE are also useful. 
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Epoxv resin (uncured thermosettable and/or polymerizable epoxv resin). 

[0053] The epoxy resin serves as a plasticizer for the thermoplastic polymer in the present invention. Epoxy resin is 
used herein to mean any of the conventional dimeric. oligomeric or polymeric epoxy materials containing at least one 
5 epoxy functional groups. Useful compounds are described in: U.S. Patent 5,250,228 or EP-A- 0 148 493; and are 
incorporated herein by reference. 

[0054] Particular useful are compounds obtained by condensation of epichlorohydrine with bisphenol A or bisphenol 
R Useful in particular are epoxy resins with a molecular weight of about 120 to about 12,000 (as described in U.S. 
Patent 4,496,695). More preferred are epoxy compounds with a molecular weight between 200 and 1 ,000, with a mo- 

10 lecular weight between 200 and 800 being particularly preferred. Particularly useful are epoxy resins obtained by con- 
densation of epichlorohydrine and bisphenol A. These are available in different molecular weights, depending on the 
number of bisphenol-A (BPA) units incorporated in the molecule. An overview can be found in "Epoxy Resin Manual, 
Comparative Date, Form No. 296-005-79, DOW, (1979)" or "The Long and the Short of Epoxy Resins, SHELL, (1992) 
" and is incorporated herein by reference. The basic type, which was also used in the experiments underlying the 

IS present invention, consists of essentially one BPA with glycidyl groups on both phenolic ends (hereafter referred to as 
"BADGE"). These are commercially available under names like Epikote® 828 (SHELL), D.E.R. 331 (DOW), Araldite® 
GY250 or in the USA 6010 (Ciba-Geigy). The molecular weight of these compounds is about 380. 
[0055] The BADGE epoxy resin may also be admixed with epoxy resins containing only 1 epoxy group and/or com- 
pounds used as "diluents", additives to further modify flow. See "Epoxy Resin Manual, Comparative Date, Form No. 

20 296-005-79, DOW. (1979)". 

[0056] Other groups of specific interest are epoxy-group modified resins based on cycloaliphatic compounds (e.g., 
ERL-resins, Union Carbide), phenolic-based resins (e.g., EPN-resins. Ciba-Geigy) and cresol-based resins (e.g. ECN- 
resins, Ciba-Geigy). 

25 Curing agent and/or catalysts. 

[0057] Curing agent and/or catalysts are used to facilitate conversion of a low molecular weight epoxy resin into a 
high molecular weight, usually crosslinked, resin no longer miscible with the thermoplastic polymer(s). 
[0058] Curing agents are defined as agents which react stoichiometrically with the epoxide groups on the epoxy 
30 resins. 

[0059] Useful classes of curing agents are materials selected from the following list: aliphatic amines, aliphatic amine 
adducts, aromatic amines, aromatic amine adducts, amidoamines, polyamides, cycloaliphatic amines, anhydrides, 
polycarboxylic polyesters, isocyanates, phenol-based resins (such as phenol or cresol novolak resins, phenol terpene 
copolymers, polyvinyl phenol copolymers, bisphenol-A formaldehyde copolymers, bishydroxyphenyl alkanes). 

35 [0060] Catalysts as used in the instant invention are compounds that initiate polymerization of epoxide groups, or 
accelerate reaction of curing agents with epoxide groups. Illustrative examples of catalysts are Listings of curing agents 
are found in Encyclopedia of Polymer Science and Engineering and incorporated by reference herein. Curing agents 
useful in the present invention are listed in U.S. Patent Nos. 5,250,228 and 4,623,558, and are incorporated herein by 
reference. Lewis acid salts, BF3 complexes, imidazoles, dicyandiamide, and phosphonium salts. A detailed list of cat- 

40 alysts is provided in U.S. Patent Nos. 4,833,423 and 4,496,695, and is incorporated herein by reference. 

[0061] Curing agents and catalysts can be used in various combinations to obtain the desired reaction speed and 
properties. It is preferred to use combinations of epoxy resins and curing agents and/or catalysts which lead to a 
crosslinked epoxy resin. To this end, for instance, a bifunctional epoxy resin can be combined with curing agents having 
at least a triple functionality 

45 [0062] The curing agent and/or catalyst is generally added as late as possible to minimize unwanted premature 
reactions (polymerization, curing) of the epoxy resin in the blend. In those cases where the curing agent and/or catalyst 
also plasticize at least one thermoplastic polymer sufficiently to enable easy blending at elevated temperatures, the 
curing agent and/or catalyst can be blended first, but the epoxy resin should then be added as late as possible. 
[0063] Useful means of applying heat (required for the reaction of the epoxide) to the system can be done using a 

so single or double screw extruder or double barrel injection unit like the commercially available Battenfeld 2 K co-injection 
molding machine. Means of heating the material directly or indirectly via the mold have been listed in U.S. Patent Nos. 
4,623,558 and 4,496,695. These include UV radiation, sun lamp, electromagnetic heating, high frequency inductive 
heating and high frequency dielectric heating, ionizing radiation, and electron beams. 
[0064] Additional components may be used in the blends processed with the process of the invention. 

55 [0065] It is known to one skilled in the art that the blends made by the processes of the instant invention can comprise 
fillers like chalk, clay. MgO, mica, fibrous fillers (glass fibers, woven or non-woven glass mats, natural fibers, carbon 
fibers, carbon fiber mats, synthetic fibers, polymeric fibers, such as polyamide, polyester or polyaramid fibers), rubber 
materials, stabilizers, conductive additives, flame retarding additives, Mg(OH)2, pigments, waxes and lubricants. An 
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extensive enumeration can be found in EP-A-0 557 086, EP-A-0350 696, U.S. Patent 4,496,695, and DE 37 11 757. 
[0066] Various means of mixing these non-essential components may be applied. These can be added during the 
process of blending thermoplastic po[ymer(s) and the epoxy resin or even at the moment where the uncured, but 
polymerizable composition is formed or shaped (but before substantial reaction between the epoxy resin and the curing 
s agent and/or catalyst has taken place). 

Composition and composition ranges of interest 

[0067] The goal of the present invention is to obtain high heat resistant, high impact thermoplastic product which 
10 can be easily obtained within a short cycle time due to the use of a high-flowing thermoplastic composition during 
molding and shaping. When using PPE as the thermoplastic polymer, a continuous-phase PPE blend can be obtained 
using PPE-contents as low as 22% (Makromol. Chem., Macromol. Symp. 75, 73-84 (1993)/Polymer 35(20), 4349 
(1994)). This depends however on the exact nature and concentration of the components in the blend. 
[0068] The preferred embodiment of the present invention comprises from about 22% to about 99% by weight of the 
15 total composition of PPE, from about 5% to about 77% by weight of the total composition of an epoxy resin, and from 
about 1 % to about 25% by weight of the total composition of a curing agent/ curing catalyst. 

[0069] In a preferred embodiment of the invention a combination of an epoxy resin and an epoxy curing agent or 

catalyst is used which shows phase separation within two minutes at the temperature used for the nnelt mixing in step 

(b) of the process as evidenced by an increase in the viscosity. 
20 [0070] Tests for evaluation of time to phase separation are performed in an internal mixer (Haake Buchler Rheocord 

40 System). 60 Grams of a mixture comprising at least one thermoplastic polymer, the epoxy resin and the epoxy 

curing agent or catalyst are kneaded at the temperature used for the second melt mixing step of the process of the 

invention and 48 RPM. The relative quantities are the same as used when performing the process of the invention. 

The torque Is continuously monitored using the machine built-in measurement system. Upon addition of the ingredients 
25 in the kneader, the torque initially increases (melting of the ingredients) then stabilizes at a lower value. As the cure 

reaction starts, phase separation occurs resulting in a viscosity increase, requiring higher torque to stir the system. 

Time to onset of phase separation is taken as the time difference between the melting peak and the onset of the torque 

increase after the stable portion. 

30 EXAMPLES 

[0071] The compositions of the present invention were prepared using the following components. The examples are 
provided to Illustrate the present invention and not to limit the invention. 

PPE-1 ; Poly(2,6-dimethyl-1,4-phenylene ether) with an intrinsic viscosity in chloroform of about 40 mi/g (PPO® from 
35 GE Plastics) and with a Tg-value of 215'*C as measured by Differential Scanning Calorimetry. 

PPE-2 : Poly(2,6-dlmethyl-1.4-phenylene ether) with an intrinsic viscosity in chloroform of about 46 ml/g (PPO(g>from 

GE Plastics) and with a Tg-value of 215 'C as measured by Differential Scanning Calorimetry. 

BADGE : A commercially available Bisphenol A diglycidyl ether with a molecular weight comprised between 370 and 

384 (Epikote 828 or Epon 828 from Shell). BADGE is a viscous liquid, 
40 PA : Polyamlde 6,6 with a viscosity number according to ISO 307 of about 150 ml/g used as curing agent (Ultramid A3 

from BASF) 

MCDEA : 4,4'-methylene-bis-(3-chloro-2,6-diethyl-anlline) used as curing agent. (Lonzacure M-CDEA from Lonza) 
MDEA : 4,4-methylene-bis-(2,6-diisopropyl-aniline) used as curing agent (Lonzacure M-DEAfrom Lonza). 
2-PHIM : 2-phenyl Imidazole used as catalyst (from Aldrich) 

45 

Comparative example 1 . 

[0072] The process as described in POLYMER, Vol. 35, no 20, 1 994, page 4350 has been performed at elevated 
temperatures to try to obtain quicker processing and lower viscosity materials that can be easier shaped. 

so [0073] About 40 grams of a blend of 41 .2 parts by weight (pbw.) PPE-1 , 27.5 pbw. BADGE, 30 pbw. glass fibers and 
1 .37 pbw. Ti02 was thoroughly mixed in a Haake Internal Mixer at a temperature of 280''C. About 20 gram of a premixed 
blend of 42 pbw. of PPE-1, 28 pbw. PA (acting as a curing agent), 30 pbw. glass fibers, 0.07 pbw. carbon black and 
0.5 pbw. citric acid was added to the blend in the Haake Internal Mixer (at 280°C) and admixed for two minutes. The 
curing reaction was so quick that it was almost Impossible to remove the obtained compounded product from the Haake 

55 Interna! Mixer. Furthermore the viscosity was so high that it was not well possible to mold the obtained product by 
normal compression molding. 
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Comparative Example 2. 

[0074] A first preblend of 60 (parts by weight) pbw. PPE-1 , 40 pbw. PA, 0.07 pbw. Carbon black and 0.5 pbw. Citric 
acid was prepared by melt mixing in an extruder. A second preblend was prepared by melt mixing 58.8 pbw. PPE-1, 

5 39.2 pbw. BADGE and 2 pbw. Ti02. 

[0075] The first and the second preblend were melt mixed (in a weight ratio of two parts of the first preblend and one 
part of the second preblend) in a twin screw extruder of the same type as described here below in example 1 by feeding 
the two preblends to the throat of the extruder. Thirty pbw. glass fibers per 100 pbw. of the mixture of the two blends 
were added downstream in the extruder. The temperature was set at 270°C. The screw speed was 300 rotations per 

10 minute. 

[0076] It was not possible to compound this composition properly, since the epoxy and the curing agent started 
reacting in the extruder, resulting in a very unstable extrusion of the strand. 

Example 1. 

15 

[0077] Two blends containing PPE-1 , chopped glass fibers , BADGE (respectively PA) and additives were compound- 
ed in a twin screw extruder. Composition of the blends is reported below : 



Table 1 



30 



Composition (parts by weight) 


Blend 1 


Blend 2 


PPE-1 


41.2 


42 


BADGE 


27.5 




PA 




28 


Glass fibers 


30 


30 


Ti02 


1.37 




Carbon black 




0.07 


Citric acid 




0.5 



[0078] The chemical nature of the chosen components is such that phase separation and cross! inking of the epoxy 
resin may be expected when Blend 1 and Blend 2 are thoroughly mixed in the melt above 250°C. 
[0079] Blend 1 was compounded into pellets on a on a Werner-Pfleiderer ZSK 25 corotating twin-screw extruder. All 
ingredients were added in the throat of the extruder through a hopper except BADGE which was added with a gear 
pump. The barrel temperature profile was 200'*C, 6 x 270'*C; die head temperature was 270'*C; screw speed was 300 
RPM and the temperature of the melt was about 325°C. 

[0080] Blend 2 was compounded into pellets in two steps on a Werner-Pfleiderer ZSK 28 corotating twin-screw 
extruder. All ingredients except glass were compounded in the first step with upstream feeding. In the second step, 
pellets from step 1 were recompounded with glass. The preblend was added upstream in the throat feed, glass was 
added downstream. Experimental conditions were as follows : 





step 1 


step 2 


temperature settings : 
screw speed : 
throughput: 
temperature of melt 


280 - 300°C 
300 RPM 
14kg/h 
about 325°C 


280 - SOO-'C 
300 RPM 
lOkg/h 
about 350°O 



50 

Citric acid was used to compatibilize PPE with PA. 

Titanium dioxide and carbon black were added in blend 1 and 2 respectively to help visual assessment of mixing 
homogeneity in the next step. Extrusion behavior was stable. 

[0081] Pellets of blends 1 and 2 were melted separately in the two aggregates of a Battenfeld 2K co-injection molding 
machine (BM-T 4000/ 2x2500) equipped with two 75 mm screws. The barrel temperatures were 250 ^C and 300 ''C 
for blends 1 and 2 respectively. The machine was fitted with a heated mixing head (as schematically shown in Figure 
1) comprising a long nozzle(3) adapted to the machine head, provided with two channels (1) and (2). The nozzle 
contained a variable number of static mixers (4) (Sulzer SMK R22). The two melt streams were kept separate in chan- 
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nels (1) and (2) until reaching the nozzle (3) and fed to the mixing elements in a ratio by weight of two parts of blend 
1 per one part of blend 2. The mixing head was kept at a temperature of about 280^0. At this temperature a composition 
with a low viscosity suitable for injection molding was obtained. The mixed melt (after leaving nozzle 3) was injection 
molded into a square sheet with dimensions 500x500x3 mm. Injection time was about 4 seconds. The actual mixing 

5 time is only a fraction of the total injection time. The mold temperature was about 60**C. Under these conditions, the 
epoxy phase did not cure nor phase separate, as evidenced by one single measured Tg of 124°C for the blend. 
[0082] Mixing homogeneity was first assessed by visual appearance. The molded plaques were also subjected to 
Nitrogen elemental analysis. This was performed on a CARLO ERBA instrument NA1500. Small samples (5mg) were 
drilled out of molded plaques. Twenty-five samples were taken on a 50x50 mm square grid for the analysis. Average 

10 and standard deviation were calculated from all 25 measurements. 

[0083] Test specimens of cured phase-separated material were obtained by compression-molding pieces of the in- 
jection-molded plaques at 240°C for one hour in a vertical press at a pressure of about 2 MPa. Teflon-coated Aluminum 
foils were used to avoid sticking to the steel plates. 

[0084] The results are reported in Table 2 and 3 as a function of the number of static mixer elements. 

75 

Table 2 

2^ Results of Nitrogen elemental analysis and visual inspection on 

mixed blends 1 and 2 as function of number of mixing elements 





Nitrogen analysis 


visual appearance 




average value (% N) 


relative standard 






deviation (s/x) (1) 




u stauc mixer eiemenis 


1.6! - 




very innomogencous 


8 static mixer elements (2) 


1.17 


6.5% 


cloudiness 


12 static mixer elements 


1.18 


2.1% 


homogeneous 



(1) Standard deviation expressed as relative value: standard 
deviation divided by average (in percent) 

(2) average of two experiments 

40 The above test results show that a minimum number of 8 to 12 static mixers is optimal to achieve a good dispersion 
of the curing agent in the blend. 



45 



so 



55 
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Properties of cured as function of number of mixing elements 

s 



10 



15 





DMA measur. 


i emperaiure 




Mecnantcai 






Tg(in -C) 


Performance 




Performance 






epoxy 
phase 


PPE 
phase 

' Mil 


Vicai B/120 
(C) 


Unnotched 
Izod impact 
{kJ/m2) 


Flexural 
Modulus 
(GPa) 


Flexural 
Strength 
(MPa) 


0 static mixer elements 


— r 




152 


tJ 




3.5 


50 


8 static mixer elements ( 1 ) 


80 


212 


202 


20 




5.5 


100 


12 static mixer elements 


78 


218 


209 


32 




6 


154 



(^1 average of two experiments 

Glass transition temperatures were obtained by Dynannic 
mechanical analysis from Tan delta peak values. The conditions of 
the test were a heating rate of 2 C / min and a loading frequencv of 
IHz. 

Vicat B temperatures were measured according to ISO 306 
Unnotched Izod impact resistance was measured at room 
temperature according to ISO 180 

Flexural modulus and Flexural strength were measured according 
to ISO 178 

30 

[0085] These results show the importance of proper mixing to obtain a product with excellent nnechanical and thermal 
properties after curing. The presence of two Tg-values shows that phase separation has occurred. 

35 Example 2. 

[0086] The purpose of this example is to illustrate that sufficient mixing of curing agent into molten PPE resin and 
epoxy resin can be achieved by downstream addition of curing agent in a corotating twin screw extruder (as shown 
schematically in Figure 2) with the appropriate screw design and operating conditions. MCDEA was chosen as curing 
40 agent, because it reacts very slowly with BADGE and allows for the comparison of mixing without interference with 
premature reaction in the extruder As indicated in comparative example 1 , MCDEA can be added upstream at the 
feed-throat . 

[0087] In this example and several of the following examples, PPE-2 and BADGE is pre-compounded into a blend 
of 70/30 PPE to epoxy weight ratio. In the preparation of this blend, PPE is fed at the feed-throat of a Werner-Pfleiderer 
^5 ZKS-30 10-barrel twin screw extruder at a rate 10 kg per hour, and liquid BADGE is injected into the extruder at barrel 
5 at about 4.5 kg per hour using a gear pump. The following experimental conditions are used : 

barrel temperature profile : 250°C, 8 x270*C, 
die head temperature : 270'*C, 
so screw speed : 300 RPM. 

The extrudate melt, upon exiting from the strand die, is cooled in a water bath and pelletized. This pelletized blend is 
called preblend A in subsequent descriptions. 

[0088] A Werner-Pfleiderer 30 mm twin screw co-rotating 1 0-barrel ZSK-30 extruder (schematically shown in Figure 
55 2) was also employed to compound the curing agent into preblend A. 

[0089] Preblend A was fed upstream, at (1 ) at a rate of 11 .7 kg per hour Curing agent MCDEA was added in down- 
stream, at (2) in barrel 8 using a side-feeder for an overall rate of about 13.6 kg per hour The screw of the extruder 
was provided at barrel 8 with turbine mixing elements to ensure a rapid and good mixing. For comparison purpose, 
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MCDEA was added in the feed-throat, at (1) in barret 1 instead of barrel 8 in one experinnental run. Compounding of 
curing agent with PPE-2 resin and epoxy resin was acconnplished with the following experimental conditions: 

barrel temperature : 220^*0, 8x240'*C 
5 die head temperature : 240°C 

screw speed : 300 RPM. 

The extrudate melt, upon exiting from the strand die, is cooled in a water bath and pelletized. The total residence time 
in the extruder is about 30 sec; the mixing time after the side feeding is less than 1 0 seconds. 

10 [0090] The pellets of the PPE-2/ BADGE/MCDEA blend are compression molded into 100 mm diameter by 3 mm 
disk at about 240**C for about 2 hours. The plaque was cut into 1 2 pieces of roughly the same size, and all pieces were 
tested by Nitrogen elemental analysis to measure the mixing uniformity. The results for downstream addition of MCDEA, 
as listed in Table 6, show that the mixing of curing agent MCDEA in preblend A blend is excellent for the downstream 
barrel 8 addition with the screw design and the experimental condition in this invention, and quality of mixing of the 

15 downstream addition of curing agent MCDEA is the same as that achieved by upstream barrel 1 addition of curing agent. 
[0091] The glass transition temperature, Tg, of the cured blends was determined by DSC and DMA temperature 
scan methods. The results show that Tg of the epoxy phase cured by MCDEA is about 145-150'*C , and that Tg of the 
PPE phase is about 220'C. Typical morphology of the cured PPE-2-BADGE-MCDEA blends measured by scanning 
electron microscopy show that the epoxy phase separates while curing into finely dispersed particles of approximately 

20 1 micrometer in diameter in a continuous PPE matrix. In the final product, the thermoset epoxv acts as a rigid filler in 
the continuous thermoplastic PPE. 



Table 4 



Elemental analysis (N content) of the samples from molded plaques, targeted value is 1.1% in the feed streams. 




Nitrogen content 


MCDEA feed location 


measured average (% N) 


relative standard deviation (%) (i) 


Barrel 1 (feed -throat) 


1.10 


2 


Barrel 8 (near end) 


1.09 


2 



(1 ) see definition underneath Table 2 



Example 3. 

35 [0092] A Werner-Pfleiderer 30 mm twin screw co-rotating intermeshing 10-barrel ZSK-30 extruder was employed to 
compound the curing agent into PPE-2 resin and BADGE resin. Preblend A was fed upstream in the throat-feed at a 
rate of about 1 2. 1 kg per hour, curing agent MDEA-was added in downstream barret 8 using a side-feeder for an overall 
rate of about 1 3.8 kg per hour. Extrusion compounding of curing agent MDEA with PPE-2 resin and BADGE is accom- 
plished with the following experimental conditions: 

40 

barrel temperature profile : 220^C, 8x240 °C 
diehead : 240»C 
screw speed: 300 RPM. 

45 [0093] The extrudate melt, upon exiting from the strand die, is cooled in a water bath and pelletized. The total resi- 
dence time in the extruder is about 30 sec; the mixing time after the side feeding is less than 10 seconds. The pellets 
showed one single Tg-value of 79^ demonstrating that no phase separation had occurred. 

[0094] The pellets of blend comprising PPE-2, BADGE, and MDEA were compression molded into about 100x100 
mm plaques at about 230°C for about 1 hour. The plaques were cut into 12 pieces of roughly the same size, and all 
pieces were tested by nitrogen element analysis (N-content) to test the mixing uniformity Table 5 summarizes the 
elemental analysis results for the seven plaques and total of 7x12=84 samples with each sample measured by three 
replicated tests. Based on the results of Table 5 it can be concluded that the mixing of curing agent MDEA in the PPE- 
2- BADGE blend is satisfactory. A DMA (dynamic mechanical analysis) scan shows that the cured blend is phase 
separated. The Tg of the MDEA cured epoxy phase is about 145-150°C, and the Tg of the PPE phase is 222°C. 

55 
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Table 5 



Elemental analysis (N content) of the samples from molded plaques, targeted value is 1 .0% in the feed streams. 




Nitrogen content 


Plaque NO. 


measured average (% N) 


relative standard deviation (%) C) 


1 


1.04 


1 


2 


1.04 


1 


3 


1.00 


1 


4 


1.06 


1 


5 


1.06 


1 



(1 ) see definition underneath Table 2 



Example 4. 



[0095] Curing agent MDEA and catalyst 2-PHIM in about a 95/5weight ratio were dry blended in a high intensity 
Henschel mixer. Preblend A was fed in the feed-throat of the extruder at a feed rate of about 1 2.1 kg per hour, and the 
resulted dry mixture of MDEA and 2-PHIM was then admixed downstream with the molten preblend A by feeding it at 
downstream barrel 8 at a feed rate of about 1.5 kg per hour using a side-feeder. Extrusion compounding of curing 
agent with PPE-2 resin and BADGE resin is accomplished with the following experimental conditions: 



barrel temperature : 150^*0, 2x220''C. 4x210'*C. 2x190°C 
diehead : 180°C 
screw speed : 300 RPM. 



[0096] The extrudate melt, upon exiting from the strand die, is cooled in a water bath and pelletized. The pellets 
showed one single Tg-value of 79^0 demonstrating that no phase separation had occurred. To get a full exothermic 
epoxy curing of such pellets about 12 minutes are required at 240°C (according to a DSC measurement). 
[0097] The pellets as obtained in this example and in the following example 5 can be used for example in the process 
described in the second part of example 1 . 



Comparative example 3. 

[0098] In this example it has been attempted to prepare a blend with the same composition and the same curing 
agent and catalyst as in example 4 by the method referred to in comparative example 1. First 55 grams of a PPE- 
1/epoxy preblend were added into the Haake Internal Mixer at 240*C. After five to ten minutes mixing about 7 grams 
of a MDEA/2-PHIM preblend were added. The viscosity showed, due to phase separation, a steep increase within a 
minute, making it impossible to use the obtained compounded product for compression molding. 



Example 5. 

[0099] In this example, PPE-2 and BADGE are pre-compounded into blends with 60/40 weight ratio of PPE-2 to 
BADGE. In the preparation of this blend, PPE-2 is fed at the feed-throat of a Werner-Pfleiderer 2KS-30 1 0-barrel twin 
screw extruder at a rate of 6.8 kg per hour and BADGE is injected into the extruder at barrel 5 at about 4.5 kg per hour 
Extrusion compounding is accomplished with the following experimental conditions: 



barrel temperature : 250°C, 4x270_''C, 250''G, 240'»C, 2x220''C 
die head temperature: 260°C 
screw speed of about 500 PM. 



The extrudate melt, upon exiting from the strand die, is cooled in a water bath and pelletized. The resulting product is 
called preblend B in subsequent descriptions. 

[0100] Curing agent MDEA and catalyst 2-PHIM in about a 95/5 weight ratio were dry blended in a high intensity 
Henschel mixer Then about 40 parts of the mixture was blended again with about 60 parts of PPE-2 using the Henschel 
mixer. The mixture comprising PPE-2, MDEA, and 2-PHIM was next fed into the feed-throat of a Werner-Pfleiderer 
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ZSK-30 twin screw extruder at a feed rate of about 6.8 kg per hour. Compounding was accomplished with the following 
experimental conditions: 

barrel temperature profile: 150'*C, 5x230'*C, 3x1 QCC, 
5 die head temperature: 210**C, 

screw speed: 300 RPM. 

[0101] The extrudate melt, upon exiting from the strand die. was cooled in a water bath and pelletized. The resulting 
product IS called preblend C in subsequent descriptions. 
10 [0102] Preblend B was fed in the feed-throat of the ZSK-30 twin screw extruder at a feed rate of about 9.6 kg per 
hour, and preblend C, containing the curing agent MDEA, catalyst 2-PHIM and PPE-2, was admixed downstream with 
molten preblend B by feeding it at barrel 8 at a feed rate of about 3.9 kg per hour using a side-feeder. Compounding 
was accomplished with the following experimental conditions: 

15 barrel temperature profile : ^AO''C, 4x160'*C, 4x150'*C, 

die head: ISO^C 
screw speed: 300 RPM. 

The extrudate melt, upon exiting from the strand die, is cooled in a water bath and pelletized. The pellets showed one 
20 single Tg of 79° C, demonstrating that no phase separation has occurred. 

Example 6. 

[0103] A Werner-Pfleiderer 30mm twin screw co-rotating intermeshing 10-barrel extruder with the same screw design 
25 as used in example 3 was used. Sheet extrusion was carried out using a 8 inch sheet die with an adjustable gap 
between lips for variable film thickness. Preblend A was fed upstream at the throat feed with a rate of about 12.1 kg 
per hour, curing agent MDEA was added in downstream barrel 8 using a side-feeder for an overall rate of about 13.6 
kg per hour. Compounding of curing agent MDEA with PPE-2 resin and BADGE resin was accomplished with the 
following experimental conditions: 

30 

barrel temperature: 220''C, 8x230°C, 
die head temperature: 230**C, 
screw speed: 175 RPM. 

35 [0104] The extrudate melt, upon exiting from the sheet die, was cooled, drawn down into desired thickness, and 
solidified at room temperature into sheets. The sheets showed one single Tg-value of 72''C; a sign that no phase 
separation of the epoxy resin had occurred. The dimension of the extruded sheets was about 125 mm in width and 
approximately 0.66 mm in thickness. The sheets were then combined with highly needled random glass mats of the 
type used for Polypropylene Glass Mat Reinforced composites (weight of about 640 grams per square meter) into a 

40 plaque mold with a dimension of about 370x370x3.5 mm. Three sheets were stacked with two glass mats. The stack 
was compression-molded for 30 minutes at a temperature of 240°C and a pressure of about 2 MPa in a Fontijne vertical 
press. These conditions were sufficient to ensure full cure of the epoxy phase. The results of the properties tested of 
the molded and cured composite plaques are summarized in Table 6: 

45 Table 6 



Testing of PPE-2-BADGE-MDEA blend composite with glass mats after compression- molding. 


Glass content (1) 


Vicat B/120 (2) 


Charpy unn. (2) 


Tensile testing (2) 


Flexural testing (2) 


weight % 


°C 


kJ/m2 


Modulus 


Strength 


Modulus 


Strength 








(GPa) 


(MPa) 


(GPa) 


(MPa) 


24 


219 


37 


4.9 


83 


3.9 


114 



) measured by the ash rest method 
(2) Vtcat B temperatures were measured according to ISO 306 



55 Unnctched Charpy impact resistance was measured at room temperature according to ISO 1 79 
Flexural modulus and Flexural strength were measured according to IS0 178 
Tensile modulus and Tensile strength were measured according to ISO 527 



14 



EP 0 916 691 A2 



[0105] These results show that excellent properties are obtained with the process of this invention. 
Example 7. 

5 [0106] A Werner-Pfleiderer ZSK-SO twin screw extruder and a modified Killion rolls set with oil heating capability, as 
very schematically shown in Figure 3, were employed to PPE-2/BADGE/MDEA blends with a glass mat. Preblend A 
fed in the feed-throat (1) of the ZSK-30 twin screw extruder at a feed rate of about 1 2. 1 kg per hour, and curing agent 
MDEA was admixed downstream with molten preblend in barrel 8 at a feed rate of about 1 .5 kg per hour using a side- 
feeder (2). Compounding was accomplished with the following experimental conditions: 

10 

barrel temperature profile: ISCC, 8x220°C, 
sheet die: 230°C, 
screw speed: 300 RPM. 

15 [0107] The extrudate melt, upon exiting from the sheet die, meets with one glass mat, and is forced to impregnate 
and consolidate with the mat by the nip rolls (4). In the experiments, two pairs of nip rolls were used. The first pair of 
nip rolls, which was heated by hot oil to about 140-170"C, facilitated the consolidation of the molten blend with the 
glass mat, while the second pair, room temperature rolls cooled down the consolidated prepegs. The glass mat, which 
was mounted in the Killion rolls set by a pair of magnetic bases, was preheated to about 140'*C by a hot air gun to 

20 facilitate the glass mat impregnation with the melt. Figure 3 shows an alternative design with which it is possible to 
combine two glass mats with the extrudate melt wherein the glass mats are fed over two rollers (3). Excellent prepeg 
mechanical integrity, good glass impregnation, and smooth surface appearance were achieved. The prepared prepregs 
can be molded and cured into articles of desired dimensions. 

25 

Claims 

1 . A process for preparing a polymer composition comprising: 

30 (a) melt mixing at least one thermoplastic polymer at a temperature above the glass transition temperature or 

above the melting temperature of the thermoplastic polymer with one of (i) an uncured epoxy resin, or (ii) an 
epoxy curing agent or a catalyst to form a blend; 

(b) further melt mixing at a temperature above the glass transition temperature or above the melting temper- 
ature of the thermoplastic polymer the other of (I) an epoxy resin, or (ii) a epoxy curing agent or a catalyst, 

35 with the blend in (a) to form a substantially uncured but essentially curable composition, polymerizable com- 

position, or curable and polymerizable composition; 

(c) optionally forming a shaped product from the composition In (b); and 

(d) fast curing and/ or fast polymerizing the optionally formed shaped product. 

40 2. The process of claim 1 , wherein a combination of an epoxy resin and an epoxy curing agent or catalyst Is used 
which shows phase separation within two minutes at the temperature used for the melt mixing in step (b) as evi- 
denced by an Increase in the viscosity 

3. The process of claim 1 or claim 2, wherein the relative quantities of the at least one thermoplastic polymer, the 
45 uncured epoxy resin, and the epoxy curing agent or catalyst are chosen such that after step (d) at least one 

thermoplastic polymer forms a continuous phase. 

4. The process of any preceding claim, wherein the thermoplastic polymer and the one of an uncured epoxy resin or 
an epoxy curing agent blend is formed in the upstream part of a melt extruder, and the mixing of the other of an 

so epoxy resin or an epoxy curing agent with the blend occurs in the downstream part of the extruder forming the 

substantially uncured but curable composition, polymerizable composition, or curable and polymerizable compo- 
sition. 

5. The process of claim 3, wherein at least one of a static or dynamic mixer Is used to form the substantially uncured 
55 but essentially curable composition, polymerizable composition, or curable and polymerizable composition by mix- 
ing the other of an epoxy resin or a epoxy curing agent with the blend. 

6. The process of any preceding claim, wherein the epoxy curing agent or catalyst Is pre-blended with a carrier. 
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7. The process of any preceding claim, wherein the thermoplastic polymer and the epoxy resin is at least partially 
cross linked after fast curing or fast polymerizing. 

8. The process of any preceding claim, wherein the uncured epoxy resin has a molecular weight of less than about 
3,000. 

9. The process of any preceding claim, wherein the substantially uncured but essentially curable composition, po- 
lymerizable composition, or curable and polymerizable composition is extruded to form a powder, granulate, film, 
or sheet. 

10. A process to make reinforced prepregs, the process comprising: 

(a) melt mixing at least one thermoplastic polymer and one of (i) an uncured epoxy resin, or (ii) an epoxy curing 
agent or catalyst to form a blend; 

(b) further melt mixing the other of (i) an uncured epoxy resin, or (ii) an epoxy curing agent or a catalyst with 
the blend in (a) to form a substantially uncured but essentially curable composition, polymerizable composition, 
or curable and polymerizable composition; and 

(c) combining a reinforcing agent with the composition in (b) In the molten state to form a reinforced prepreg. 

11. The process of claim 10, wherein the reinforcing agent comprises at least one member of group consisting of 
powdered glass, chopped glass, glass mats, polymer reinforcing fibers, and mats and inorganic fibers . 

12. The process of claim 11, wherein the glass mats are combined with the blend, immediately after extrusion, but 
before the solid blend is formed. 
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